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ABSTRACT 
 
South Carolina has more acres of wetlands, and several hundred thousand acres of 
isolated wetlands, than any other state in the southeastern United States.  The rare and 
specialized ecological functions of these ecosystems give them importance, but state 
policies do not broadly protect these values.  A growing number of tourists each year 
flock to the mild coastal shores for sun, golf and relaxation, and the development that 
fuels this tourist economy are not required to evaluate the full extent of their building 
impacts.    
This study uses an existing roadway to model the probable induced development 
impacts from a proposed interstate project whose terminus is planned for the shores of 
Myrtle Beach.  Myrtle Beach is the second largest beach destination on the east coast.  Its 
popularity has contributed to the rampant population and building growth between 1994 
and 1999.   
In collecting data through a series of GIS layers, I found that 90 new subdivisions 
and golf courses were constructed in Horry County during this five-year period. I 
characterized the developments by their location and the land use that they altered.  
Importantly, a quarter of the impacted land uses were wetlands. Statistical analyses 
showed that their location and highest densities concentrated near the modeled roadway 
and coastline, offering support for the use of these variables as indicators of development.  
The most unanticipated locations of development were found to be at the borders of 
existing wildlife preserves. 
My master’s project aims to expand the scale of existing development impact 
assessment and environmental impact statement methodologies used in South Carolina.  
Through a summer internship at Southern Environmental Law Center in Chapel Hill, NC, 
I learned that other states, namely our own, have made strides in secondary and 
cumulative impact assessments. South Carolina then could conceivably utilize these 
models, provided that state transportation and environmental planners collaborate and 
adopt this broader scale modeling.  A second lofty ambition then is to provide an impetus 
to integrate these two disciplines through practical applications.  This study facilitates the 
application of this methodology by choosing a county-wide scale consistent with current 
transportation planning initiatives.  Results of this study may also contribute to existing 
wildlife studies at the Lewis Ocean Bay Preserve and Waccamaw River National Wildlife 
Refuge in Horry County.   
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Introduction  
 
Environmental Impact Statements require that the immediate effects of a construction 
project be documented and reported publicly.  The measured length of time and distance 
of the impacts from the construction site varies between states.  South Carolina, for 
example, requires minimal documentation of these indirect or cumulative impacts.  Yet 
these impacts may significantly compromise the functioning of sensitive ecosystems. 
(Erickson 1994) 
 
This study examines these indirect and cumulative impacts from proposed Interstate 73, a 
highway that was designated by Congress as part of the Intermodal Surface 
Transportation Equity Act in 1990.  In 2005, the routing of the final leg of this roadway 
through three counties in South Carolina is disputed because of the projected 
environmental losses and dubious promise of economic gains.  The Environmental 
Impact Statement (EIS) is underway, and results of this study may serve to inform the 
level of detail in the indirect and cumulative impacts reports.  
 
One indirect impact that is often overlooked in EISs is induced development.  Induced 
development by definition is encouraged by variety of factors, including highway or 
roadway building. Often this infrastructure shapes the development pattern by 
constricting it to a serviceable distance. The literature offers contradicting information on 
the extent to which road building exacerbates sprawling development patterns.  Several 
studies indicate that a variety of factors in addition to roads are responsible for induced 
development.  One study that measured the relationship of low-density development to 
beltways concluded that increased employment, rather than highway building, contributes 
to traffic congestion. (Hartgen 2000)  Another study reported that residential densities, 
the mix of activity centers, and street accessibility contribute to lower density 
development to a greater degree than highways. (Ewing et al 2000)   
 
Many more studies, however, challenge the South Carolina Department of 
Transportation’s claim that I-73 will stimulate economic gains. (SCDOT website) 
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Highway corridors modeled in California, for instance, were shown to contribute to 
induced development, and restricted long-term economic benefits. (Cevero 2003)  Similar 
results were found in a comprehensive case study review by the Transportation Research 
Board.  The TRB reviewed highway corridor studies from the last 20 years and reported 
that the benefits of highway expansion are contested because the models used to assess 
their impacts are often insufficient.  Specifically this report states that “significant new 
capacity can, over a period of many years, contribute to increased travel, emissions, and 
low-density development patterns.” (TRB 2003)  These final studies support the first part 
of this research inquiry that measures the pattern of induced development proximate to 
roadways.  Increased development, in turn, manifests a second causal connection to 
increased ecological losses. This connection is illustrated below.  
 
 
 
 
     Induced 
development
     Road     
building 
Ecological 
losses 
The ecological impacts that will ensue within the proposed Interstate 73 study area as a 
result of construction are more difficult to refute.  Much research has shown that the 
increase of impervious surface that results from construction projects is directly linked to 
a host of ecological perils.  Early works by Klein and colleagues used impervious surface 
as a proxy for measuring development impacts and connected the increase in 
development to river system degradation. (Klein 1979)  The EIS will document the direct 
impacts of construction, for example the loss of large wetland acres or impacts to 
sensitive bird habitat.  Impacts experienced on a landscape that is further than several 
hundred feet from the roadway, or that result several months after its construction, will 
not be examined because they are defined as indirect impacts.  The adverse effects 
associated with habitat fragmentation, for example, cannot be captured in the number of 
wetland or forest acres alone.  (Forman 2003)  
 
The greatest ecological impacts resulting from proposed I-73 are likely to be the loss of 
isolated wetlands.  Carolina bays or pocosins, are those that are especially at risk.  Their 
upland location, small size, and lack of surface water connection often locates them 
nearest to existing or proposed developments and has excluded them from state 
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protection.  Although South Carolina has the most acres of coastal wetlands of any state 
bordering the Atlantic, the state has very weak protection policies, and since the 
SWANCC decision in 2001, wetland losses have intensified.  The Supreme Court ruled 
in Solid Waste Agency of Northern Cook County v. U.S. Army Corps of Engineers that 
permits were no longer needed to guide development on wetlands of less than 5 acres.  
South Carolina did not adopt stricter wetland policies and has left over 350,000 acres 
vulnerable to conversion.  Moreover, these at-risk wetlands are in a state that ranks as 
40th among the states in land area, but is the sixth most rapidly developing.  (SELC 2004) 
 
Even prior to this ruling, scientists questioned the effectiveness of wetland permitting.  
Kelly documented the loss of coastal wetlands in North Carolina between the 1980s and 
early 1990s.  Her results confirmed that the site-by-site permitting system on which 
wetlands are evaluated in the southeast fails to sufficiently protect wetlands at the 
landscape scale. (2001)  This larger scale more effectively represents natural functions, 
and the compromising of wetlands here demonstrates the failure of environmental impact 
assessments to measure and provide for full or adequate ecosystem recovery. The 
continued loss of isolated wetlands is substantial and difficult to reverse.   
 
Study Area 
The literature reinforces then that the scale, both the time and place, of the study is 
important to fully capture the indirect and cumulative impacts of the future construction 
project.  The EIS examines portions of three counties in South Carolina in which the 
interstate construction will ensue: Marion, Florence, and Horry Counties.  Horry County 
is the focus of this study because this is the most likely of the three to experience the 
most intense environmental and economic impacts from I-73.  Horry County boasts of 
being first in land area, population and population growth, and building construction in 
the state in the 1990s. These trends are projected by regional planners to continue into 
2020. (Waccamaw COG)  Much of this growth can be attributed to the fact that Horry 
County is home to Myrtle Beach, the country’s second largest beach travel destination.  
Importantly, the end terminus of the proposed interstate is intended for Myrtle Beach. 
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The most valued ecological features in Horry County include the Little Pee Dee and 
Waccamaw River corridors. The southernmost portions of the Waccamaw in the 
neighboring county are already protected as a National Wildlife Refuge.  Many of the 
Carolina bays are adjacent to these riparian areas, or are located in the Lewis Ocean Bay 
Preserve in south central Horry County. Wetland custodians report that the growth 
pressures threaten even protected areas.b Lewis Bay Ocean Preserve’s chief wildlife 
biologist is concerned about the potential development of the western acres that border 
his park.  Mr. Dozier relates that he already spends a substantial number of hours each 
week reclaiming bears who have come into contact with new neighboring subdivisions.  
(personal communication, November 10, 2004)   
 
The majority of the land in the county, however, reflects the main economic activities as 
agricultural or planted pine forest.  Urbanized land comprises a relatively small 
percentage, and many of these acres can be further classified as low density residential, 
including the numerous golf courses. The elevation is characteristically flat and low, 
offering no substantial ecological barrier to development. Below a map identifies these 
two preserves and their proximity to a major road.  At the end of this road on the 
coastline is Myrtle Beach.     
Horry County
Wildlife Preserves
Rivers
US 501
 
´
Figure 1. Study area location. 
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Methods 
 
After narrowing the study area to this rapidly growing county, I further narrowed the time 
frame of interest to a period of most intense growth.  The five years from 1994 to 1999 
were the beginning of a peak of population growth that continued until 2004.  This is 
consistent with the national rate of growth in urban areas, which saw an increase of 40% 
of built up areas in the fifteen years between 1982 and 1997, the last five of which 
experienced more than half of the growth.(Wasserman 2000) Another study that 
examined this period of growth found that as automobile use increases by more than 
twice that of population growth, natural resource lands are “decreasing at comparable 
reciprocal rates.” (Landis 1995)  A lack of available data prevented the examination of 
the period from 1999 to 2004.   
 
To forecast the impacts of the proposed interstate, I selected an existing roadway to serve 
as a proxy.  This proxy roadway, U.S. Route 501, and the proposed interstate are similar 
in that US 501 is the most heavily traveled roadway in the county.  The development 
pattern that surrounds the proxy road has not been explored, and has only been 
insufficiently described by population and new home building statistics.  This pattern, 
and the resulting ecological losses, can help predict the spatial distribution of future 
development impacts.    
 
The methodology for documenting resource impacts in South Carolina has largely been 
separate from development impact studies.  Most are at the ecosystem, rather than 
landscape level and thus many of the complex impacts and their causes are ignored.  State 
agencies in the last decade have mapped a variety of ecosystems and linked rare wetland 
types to coastal black bear habitat. (Cockrell 2001)  Clemson University students recently 
completed an evaluation of coastal black bear habitat preferences based on observations 
in the Lewis Bay Ocean Preserve.   
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The National Oceanic and Atmospheric Administration (NOAA) examined land use 
changes in the 1990s in the Lewis Ocean Bay to understand the major impacts of 
development on natural systems.  The most highly converted systems were found to be 
evergreen forests, and forested wetlands.  The high loss of evergreen forests can be 
explained by logging activities, as timbering makes up a large part of the state’s 
economy.  NOAA attributes the loss of more than 10,000 acres of forested wetlands to 
increasing development.   
 
To protect their resources against and mitigate for development, biologists at the Lewis 
Bay Ocean Preserve are engaged in prioritizing habitat corridors that are primarily used 
by these coastal black bears.  They are also interested in research that investigates the rate 
of development currently taking place along the coast.  My study contributes to the latter 
analysis, in addition to expanding the potential for EIS cumulative impact assessment 
methodology. 
 
Data Collection and Preparation 
The first step in this study was to identify the number of new developments constructed 
Horry County between 1994 and 1999. I limited the development type to only 
subdivisions and golf courses, as this excluded only a few commercial developments in 
existing urbanized centers.  I also observed that subdivisions and golf courses occupied 
notably large footprints on the landscape.  In addition to their sprawling site plans, these 
developments are ecologically threatening because often the fertilizer used to maintain 
their greenery contaminates stormwater runoff.     
 
This first step was achieved through data compilation in a Geographic Information 
System (GIS).  This study relied on five GIS data layers that are available free and online 
to the public from South Carolina’s Department of Natural Resources at 
http://water.dnr.state.sc.us/gisdata/index.html: aerial photographs, land use layers, road 
infrastructure, rivers, and county boundaries. All of the data were converted to the NAD 
27 coordinate system for consistency.  This allowed for a clean overlay of the aerial 
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photography and land use layers and subsequently more accurate classification of the 
impact. 
 
A series of digital orthophotoquads provided visual imagery for identifying the number of 
new developments in the five-year period. These aerial photographs offer the most 
explicit means for identifying new developments over a large landscape.  I compared the 
1994 images to the 1999, and tallied the number of subdivisions and golf courses newly 
built in the 5 years.  The large and curvy shape of these new buildings or new golf 
courses made the land use conversions easily discernable, as the pictures below illustrate.  
Each new development was then identified by several other features that allowed for 
further analysis.  
 
Figure 2. Aerial photograph of a Carolina Bay near Myrtle Beach in 1994 (left) that was converted to a golf 
course in 1999 (right). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The second step of this project was to describe these new developments in terms of the 
natural resources upon which they were built.  National Wetlands Inventory data for 1994 
aided this classification of resource types.  Once I identified a new development from 
DOQQ files, I confirmed the altered land use a second time this NWI layer.  Some of the 
developments spanned several types of natural resources, and I selected the resource that 
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was the most modified.  This NWI dataset classifies land uses by 12 different types, but 
only seven were identified as built upon or impacted in this study.  Isolated wetlands 
were included in the ‘non-forested wetland’ classification. At this step, I created a map, 
shown below, to display the spatial distribution of developments and their subsequent 
resource impacts. 
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Figure 3. Identification of new developments and coding of resource impacts.  
 
 
  
 Horry County
 Wildlife Preserves
Resource
’ cropland
’ forested wetland
’ mixed forest
’ nonforested wetland
’ other urban
’ residential
’ upland pine
 
 
 
 
 
 Conway  
 
 
 
 Myrtle Beach Rivers 
 US 501
 2 mile buffer
 
 
 
0 21 2 . 5
M i le s
5  
 
I employed the roads layers from SCDNR in the third step to further describe the 
resource impacts in relation to US 501 and the coastline.  The distribution of impacts in 
the map above as well as the literature reviewed earlier supports these two variables as 
indicators of development.  Developments within 2 miles of route 501 were labeled 
proximate to the road.  The hatched yellow line, labeled ‘2 mile buffer,’ refers to this 
delineation.  Points proximate to the coastline were those south of the largest city in 
Horry County: Conway.  Conway is also the junction of new Carolina Bays Parkway, to 
which the proposed interstate may connect, and the Waccamaw River.  This map shows a 
high density of points at this location, too. 
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 Using these descriptions of development points—resource type impacted, road proximity, 
and coastal proximity—I was able to determine which resources were significantly 
impacted based on the quantity and type of resource that was modified for development.  
Before the significance of the resource impacts could be determined using more 
sophisticated statistical procedures, I assigned them values based on their productivity 
and rarity as supported in the literature. Several authors relate productivity to the 
diversity and amount of biomass in an ecosystem.  Minimally vegetated land uses with 
higher percentages of impervious surface rank as the least environmentally productive. 
(Mitsch and Gosselink 2000, Kimball)  I devised the rarity index based on the 
proportions of land use in Horry County from the GIS dataset; this source indicated that 
planted pine and cropland were the most plentiful land use, forested wetlands moderately 
plentiful, and urban and residential parcels the scarcest.  Because my analysis focuses on 
natural system losses, however, I reduced the rarity value for the existing developed land 
uses.   
 
The highest ranking then was assigned to non-forested wetlands, a classification that 
includes Carolina bays.  Compared to the other land uses in this study, isolated wetlands 
rate second highest in productivity and highest in rarity. The next highest ranking 
resource, forested wetlands, is more than three times smaller.  The table below exhibits 
this ranking where the productivities increase by several orders of magnitude for the most 
ecologically valuable systems.   
 
       Table 1. Resource value determination. 
Resource Productivity Rarity Resource value
Forested wetland 30 5 150 
Non-forested wetland 20 25 500 
Mixed upland forest 15 3 45 
Upland planted pine 10 2 20 
Cropland/pasture 5 1 5 
Residential 5 1 5 
Other urban* 5 1 5 
* Other urban includes recreational grasslands like golf courses and soccer fields. 
 
The productivity values for these land uses have been derived from studies that examined 
productivity on a scale smaller than that of a landscape or county.  It may be inaccurate 
 12
then to extrapolate these rankings to a county-wide scale. To account for these 
differences, I created two alternate rankings: one that increases the productivity values of 
the natural systems, and a second that improves the ranking of the residential and other 
urban classifications.  This second revision perhaps best reflects the landscape of Horry 
County in that the ‘residential’ and ‘other urban’ parcels are more substantially vegetated 
because of the climate, local demand for landscaping, and generally low density urban 
pattern. Additionally, the agricultural land in this county ranks lower in productivity 
relative to other crops. This second alternative is also supported by Kimball’s research, 
which identified moderately productive ecosystems in low density suburbs of 
Washington D.C due to their substantial landscaping.  
         
 Table 2. Alternate resource values used in sensitivity analysis. 
Resource Alternate 1 Alternate 2
Forested wetland 300 300 
Non-forested wetland 500 500 
Mixed upland forest 90 90 
Upland planted pine 40 40 
Cropland/pasture 5 5 
Residential 5 250 
Other urban 5 250 
 
These steps facilitated the modeling of potential impacts from proposed I-73 in later 
stages.  This process followed from the flow chart presented in the introduction.  
 
 
 
 
 
US 501 County-wide 
development
Ecological   
losses 
 
Development Indicators 
To examine the efficacy of the coast and road proximity as indicators of induced 
development, I performed two chi-square tests.  This statistical tool compares the 
observed proportions of interest to expected proportions.  Here, the observations were 
wetland losses from development conversions compared to non-wetland losses, such as 
mixed upland forests.  The resource impacts were first coded as either ‘wetland,’ which 
included forested and non-forested wetlands, or ‘non-wetland.’  This coding is different 
from the earlier productivity ranking in that the values are not a quantitative measure.  
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The chi-square test is a common analytical technique that has been used by researchers to 
describe deforestation proportions, for example.  (Koop and Tole 2001)   
 
I performed the first chi-square test to assess whether or not wetlands were impacted 
significantly by proximity to the coastline. Coastal proximity was shown to be a 
significant indicator of wetland loss. The computed chi-square statistic of 4.023 exceeded 
the expected value of 3.841 for the appropriate degrees of freedom.  Table 3 illustrates 
these significant differences in percentages of observed wetland impacts for the two 
coastal distance thresholds.  Developments that are closer to the coast then are more 
likely to alter wetlands than those that are more than 10 miles from the coast.                    
          Graph 1.  
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The second chi-square test examined the proportion of wetlands impacted by 
development and proximate to of US 501.  This variable, however, was not shown to be a 
significant indicator of development.  The computed chi-square statistic of .927 does not 
exceed the expected value of 3.841 for the appropriate degrees of freedom.  As the graph 
below illustrates, the likelihood of wetland losses close to the road is not significantly 
different from those that were altered more than two miles from US 501. This indicator is 
more important than the previous variable because it serves as the proxy for the proposed 
interstate.  
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The inefficacy of the road indicator here can be explained by the greatly dissimilar areas 
in which the resource losses were compared.  The area 2 miles around the road, again 
depicted by the yellow buffer in the map on page 8, is about one-tenth the size of the area 
“2 + miles from US 501.”  In this respect, the magnitude of the impacts appears quite 
large, even if they are not significant by the chi-square test.  In fact, both indicators are 
spatially biased; the area north of Conway or “10 + miles from the coast” is not 
equivalent to the land “within 10 miles of the coast.”  To avoid this bias, I used the equal-
area ‘quads,’ or digital orthophotoquads, from the GIS layers to evaluate the geographic 
variance in development impact. Each ‘quad’ corresponds to four GIS aerial photographs, 
is uniform in size, and therefore automatically normalizes the data. 
 
A general linear model (GLM) was finally used to test the significance of these resource 
impacts based on their productivity and rarity values. The general linear model, like the 
chi-square tests, tested the null hypothesis for no difference in resource losses based on 
proximity to the coastline or US 501. This analysis also tested for interactions between 
the two indicators, or that developments close to both the road and coast would intensify 
resource losses.  This test further improved on the chi-square test in that it examined all 7 
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resource types, and not just wetlands or non-wetlands.  Most importantly, it eliminated 
the spatial bias created by the disparate distances between points near and far from the 
road and coast by using the ‘quad’ areas described above. 
Results 
Graph 3 summarizes the development impacts by all resource types for the entire county. 
Overall, the highest quantity of land converted in Horry County is upland planted pine.  
This resource accounted for more than 40% of the land use conversions.  The second 
most prevalent loss was cropland, which was converted a quarter of the time.  Of all 
resource types, the reported loss of 25% wetlands (combining forested and non-forested) 
is the most ecologically detrimental. The amount of land classified as urban or residential 
in 1994, and utilized again for development projects in 1999 (often called infill) was 
negligible. Overall, these figures are proportional to the land use values across the 
county, demonstrating perhaps that the location of development was indiscriminant.               
                  Graph 3. 
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To test the significance of these resource impacts, I ran seven general linear models: the 
first three examined the effect of the coast and road on the three scenarios for resource 
values, and the second three examined the effect of each quad or unique location on the 
resource values.  The three scenarios in each group also allowed for sensitivity analyses 
of the resource valuation.  A seventh model examined the effect of the quad location on 
isolated wetlands. 
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 The fully saturated GLM model rejected the null hypothesis for no interaction between 
the roadway and coastal indicators. Each effect was then examined independently in a 
main effects model.  The results are reported in tables 3, 4, and 5 below.  All show that 
proximity to the coastline again has a significant effect on resource values. The p-values 
are significant at the 95% confidence level. At the 90% level, however, the road also is a 
significant indicator of development impacts for the first two scenarios.  It is interesting 
that the first iteration, reported in table 3, shows the coast being a more significant 
indicator of development, while the opposite is true in table 4.  Table 4 contains results 
from the resource values that weighted natural resources more highly. That more 
wetlands are closer to the coast, rather than the roads, explains this result.  Finally, table 5 
reports the widest difference in p-values between the coast and road; in this iteration that 
increased the productivity of residential and semi-urban environments, the coastal 
predictor gains significance and the road loses its strength of significance.    
         Table 3. Dependent variable: resource value  
Source 
Type III Sum 
of Squares df Mean Square F Sig. 
coast 45876.559 1 45876.559 4.134 .045 
road 62742.512 1 62742.512 5.654 .020 
Error 954391.349 86 11097.574   
Total 1381975.000 89    
 
          Table 4. Dependent Variable: alternate resource value one 
Source 
Type III Sum 
of Squares df Mean Square F Sig. 
coast 76596.287 1 76596.287 4.257 .042 
road 62197.373 1 62197.373 3.457 .066 
Error 1547343.190 86 17992.363   
Total 2525800.000 89    
 
          Table 5. Dependent Variable: alternate resource value two  
Source 
Type III Sum 
of Squares df Mean Square F Sig. 
coast 100433.194 1 100433.194 5.354 .023 
road 38276.948 1 38276.948 2.040 .157 
Error 1613291.283 86 18759.201   
Total 2963125.000 89    
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The results of the next three models show where significant resource losses occurred by 
the town within the GIS quad.  Tables 6, 7, and 8 report only the significant results; the 
complete reports of all 18 quads are in the appendix.  Several of the quads are significant 
in every model, namely Myrtle Beach and Nixonville.  Bucksville and Calabash also had 
significant resource losses between 1994 and 1999 as Table 8 indicates.  
 
Table 6. Dependent variable: resource value. 
Town  B Standard Error t P-value Observed power 
Myrtle 
Beach 
113.942 50.325 2.264 0.027 0.608 
Nixonville 101.667 51.118 1.989 0.051 0.501 
 
 
Table 7. Dependent variable: alternate resource one. 
Town  B Standard Error t P-value Observed power 
Myrtle 
Beach 
154.327 61.94 2.492 0.015 0.691 
Nixonville 122.917 62.915 1.954 0.055 0.487 
 
Table 8. Dependent variable: alternate resource two. 
Town  B Standard Error t P-value Observed power 
Bucksville 167.679 72.462 2.314 0.024 0.627 
Calabash 286.25 148.502 1.928 0.058 0.477 
Myrtle 
Beach 
173.173 62.914 2.753 0.008 0.775 
Nixonville 122.917 63.905 1.923 0.058 0.475 
 
 
The final model connected the unbiased geographic development impacts to the isolated 
wetlands. This model examined the effect of the quad on the proportion of wetlands 
impacted by development. Table 9 reports the locations where significant wetland losses 
were observed in the five year period.  These locations, Bucksville, Calabash, and Myrtle 
Beach, correspond to the observed impacts in the prior quad models, giving strength to 
the test and the results.    
Table 9. Dependent variable: wetlands. 
 
Town  B Standard Error t P-value Observed power 
Bucksville 0.429 0.218 1.969 0.053 0.493 
Calabash 1 0.446 2.242 0.028 0.599 
Myrtle 
Beach 
0.385 0.189 2.035 0.046 0.519 
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The map below identifies the location of these four towns, Bucksville, Calabash, Myrtle 
Beach, and Nixonville, where signficant resource losses occurred between 1994 and 
1999.  Importantly, all of these towns are ‘proximate to the coast’ as defined by this 
study.  Only two of the four, however, are ‘proximate to the road’ or US 501. 
 
´
Figure 4. Locations with significant resource losses and their proximity to the wildlife preserves. 
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Discussion  
 
This study sought to examine the potential for increased impacts to wetland ecosystems 
from a proposed interstate based on observations of previous losses.  My hypothesis that 
more isolated wetlands, or more productive and rare natural resources, would be lost the 
closer they are located to the most heavily traveled roadway and the coastline was 
generally supported by the statistical analyses. The statistics showed too that the coastline 
proximity was a stronger indicator of resource losses in the five year period than the 
roadway because the impacts were significant only at the 90% level for two resource 
valuations.  
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Although using the geographically unbiased ‘quad’ location improved on the models, a 
deficiency in the sample sizes remains. The largest sample size was 13 for the Myrtle 
Beach quad, and this is problematic because the small sample sizes affect the ‘observed 
power’ of the tests.  The power is important because it relates to the finding of significant 
effects. The quads with the greatest observed power often have the significant resource 
losses because the power increases with each count of resource impact, particularly those 
with highly productive or rare systems.  I reported the power for four of the models in 
tables 6-9, and the power was in fact below that of .8 for all tests. While combining quads 
would have increased the sample size, it would have compromised the meaningfulness of 
the corresponding location.  Expanding the time period also was not a practical solution 
since aerial photography data was unavailable through 2004. (personal communication, 
Mr. Dozier)  Finally, 2 quads, Loris and Shell, were missing all data for the 5 year period 
and were not included in this study.  This absence is less crucial because as the 
surrounding resource losses indicate, little development is likely occurring in these 
towns.  
 
The results were rather insensitive to the selection of three very different resource 
valuations.  The first resource valuation and the first alternate, which highly valued all of 
the natural systems, had similar results.  As described earlier, though, the second alternate 
resource valuation matches more closely with other literature on net primary productivity 
of low density, highly vegetated land uses.  Not surprisingly, when all but the agricultural 
lands were increased in value, the number of significant resource losses doubled in the 
quads.  This is consistent with my observation that Calabash and Bucksville, two well 
populated towns in 1994, constructed new developments adjacent to or near already built 
up ‘residential’ or ‘other urban’ areas.   
 
The small number of development impacts observed in Calabash means that these 
resource losses were few but substantial and mostly wetlands.  Resource losses in 
Bucksville were greater, but also substantial; three of these were forested wetlands.  Here 
the finding of the road as not a significant indictor of resource losses, reported in table 5, 
completes the story.  While most of the models show that the resource losses are near the 
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road, not all of them are, suggesting that some other influences, such as the appeal of 
development near the coast, or even weak wetland protection policies, are enabling 
construction. 
 
Because the degree of resource impacts remains unchanged for Myrtle Beach and 
Nixonville between the three models, one can infer that both the number and type of 
impacts are considerable.  Indeed, both towns saw reduced acreage of both forested and 
non-forested wetlands in the five year period.  These locations are not only where the 
roadway and coast meet, but also are nearest to the Lewis Bay Ocean Preserve.  
Bucksville is also just north of the Waccamaw National Wildlife Refuge, shown in the 
map on page 19. 
 
The most meaningful result of this study is this observed pattern of resource losses 
adjacent to the wildlife preserves.  This proximity suggests that the preservation of open 
space for bears and rare plant species may direct development more heavily to its 
borders. These borders are the setting of increasing bear and human contacts, resulting in 
the loss of over 70 bears in the last decade, with about 250 remaining. (email 
communication, Ms. Holling, September 2004)  My findings on the intensity and location 
of development in the county suggest that wildlife borders and not wildlife corridors 
(referring to their natural path of travel) are the hotspots.  Some of the work of wildlife 
managers is dedicated to deciphering and advocating for the protection of these corridors, 
but the bears already lack sufficient habitat.  Increased protection of these areas cannot 
mitigate for the general lack of habitat needs, and the impending increase in development 
can only decrease their odds of survival.  Here developers and planners can take a lesson 
from nature: wetlands serve as natural ‘ecotones’ to moderate natural disturbances, and 
borders lacking these natural transitions will encounter high levels of human disturbances 
that require regular monitoring. Wildlife corridors, then, must be planned to 
accommodate for this lack in habitat needs and severely restricted travel.  Most animal 
migration will become increasingly difficult or life threatening, as development increases. 
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This observation may not have been apparent without identifying and assessing the 
factors that influence the adverse effects of induced development at a scale that captures 
both development impacts and ecosystem sensitivities.  The county-wide scale of this 
study is important because it matches the political boundaries and influences that are 
most responsible for shaping development patterns. Horry County in fact is a complete 
Metropolitan Statistical Planning Area, which is responsible for many of the 
transportation and planning initiatives. The proposed interstate though, which has been 
nationally mandated, ideally needs to be regionally examined and regionally mitigated.  
Thus by focusing on one county, I could more carefully identify the impacts where they 
are the most severe, and can communicate them to officials at a level most relevant and 
effective to implementation.  
 
The applicability of this study also depends on the link between the proxy roadway, 
identified as the most congested road in Horry County, and the proposed interstate.  The 
development impacts from the interstate may intensify because the interstate will require 
a wider right of way, and this wider route will facilitate travel of greater numbers of 
motorists at higher speeds. On the other hand, interstates tend to concentrate adjacent 
development near their limited access nodes, and at their main entry and exit points. The 
terminus of the interstate is important, then, and generally it is already determined to be 
Myrtle Beach, where high levels of development have already ensued. Another 
ecologically detrimental scenario would result if the interstate terminates in Conway, 
where demonstrated high levels of development meet near US 501 and the Waccamaw 
River.  
 
The connection between this study and the proposed interstate impacts is also slightly 
different because of the time period.  The 10 year period from 1994-2004 has been 
reported by regional planners as a period of the most rapid population growth and 
construction in Horry County.  The proposed interstate is not scheduled for completion 
until 2014, when population will continue to increase in the county, though not at the 
same intensity as the previous 10 years. What is projected to increase more rapidly, 
however, are home construction rates. (Waccamaw COG)   The amount of land being 
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consumed continues to rise.  A final key difference between this study period and the 
interstate is the absence of wetland protection policies in South Carolina for future years.  
I analyzed these resource losses when isolated wetlands were still under federal 
protection, so the magnitude of development and more importantly, highly valued 
resource losses, may increase as well.  
 
This study highlights not only the magnitude of development, but also the direction and 
location of it. Though the rate of development that could incur from this project is 
uncertain, it reasonably could be greater than that induced by U.S. 501, which was 
constructed with similar intention.  Indisputably, the leisure needs of retirees, sunseekers, 
and golfers leave a large, environmentally expensive footprint on the landscape.  
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Appendix 
 
Chi-square calculations: coastal proximity 
 
                        Observed proportions  
Resource Impacts New Development 
South of Conway  
(Within 10 miles of coast) 
New Development 
North of Conway 
(10+ miles from coast) 
Wetlands 19 2 
Non-wetlands 43 20 
 
 
 Expected Proportions  
Resource Impacts New Development  
South of Conway 
New Development 
North of Conway 
Wetlands  15.50 5.50 
Non-wetlands 46.50 16.50 
 
 
Likelihood of wetland loss based on proximity to coast 
 Within 10 miles of coast 10 + miles from coast
Wetlands 31% 10% 
Non-wetlands 69% 32% 
 
 
Chi-square calculations: road proximity. 
 
                                     Observed Proportions  
Resource Impacts New development 
within 2 miles of US 501 
New Development 
> 2 miles from US 501  
Wetlands 7 15 
Non-wetlands 27 35 
 
 
                                      Expected Proportions  
Resource Impacts New development 
within 2 miles of US 501> 
New Development 
2 miles from US 501 
Wetlands 8.90 13.10 
Non-wetlands 25.10 36.90 
 
Likelihood of wetland loss based on proximity to US 501 
 Within 2 miles of US  501 2 + miles from US 501
Wetlands 30% 32% 
Non-wetlands 70% 44% 
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 Complete Results from SPSS General Linear Model Output 
Full Table 6. Dependent variable: resource value. 
Parameter B Std. Error T Sig. 95% Confidence Interval 
Observed 
Power(a) 
          Lower Bound Upper Bound   
Intercept 8.750 39.596 .221 .826 -70.202 87.702 .055
[quad=1] 46.250 57.962 .798 .428 -69.323 161.823 .123
[quad=2] 11.250 118.787 .095 .925 -225.605 248.105 .051
[quad=3] 64.821 57.962 1.118 .267 -50.752 180.395 .197
[quad=4] 31.250 63.846 .489 .626 -96.056 158.556 .077
[quad=5] 39.821 57.962 .687 .494 -75.752 155.395 .104
[quad=6] 76.250 88.539 .861 .392 -100.291 252.791 .136
[quad=7] 8.393 57.962 .145 .885 -107.181 123.966 .052
[quad=8] 3.750 88.539 .042 .966 -172.791 180.291 .050
[quad=9] -3.750 88.539 -.042 .966 -180.291 172.791 .050
[quad=10] 141.250 118.787 1.189 .238 -95.605 378.105 .217
[quad=11] 1.250 75.820 .016 .987 -149.931 152.431 .050
[quad=12] 3.750 88.539 .042 .966 -172.791 180.291 .050
[quad=13] 113.942 50.325 2.264 .027 13.596 214.288 .608
[quad=14] 101.667 51.118 1.989 .051 -.259 203.593 .501
[quad=15] 76.250 88.539 .861 .392 -100.291 252.791 .136
[quad=16] 29.107 57.962 .502 .617 -86.466 144.681 .079
[quad=17] 11.250 118.787 .095 .925 -225.605 248.105 .051
[quad=18] 0(b) . . . . . .
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 Full Table 7. Dependent variable: alternate resource value one. 
Parameter B Std. Error t Sig. 95% Confidence Interval 
Observed 
Power(a) 
          Lower Bound Upper Bound   
Intercept 13.750 48.734 .282 .779 -83.423 110.923 .059
[quad=1] 95.536 71.339 1.339 .185 -46.710 237.782 .262
[quad=2] 26.250 146.202 .180 .858 -265.268 317.768 .054
[quad=3] 132.679 71.339 1.860 .067 -9.568 274.925 .450
[quad=4] 64.250 78.581 .818 .416 -92.436 220.936 .127
[quad=5] 80.536 71.339 1.129 .263 -61.710 222.782 .200
[quad=6] 156.250 108.972 1.434 .156 -61.035 373.535 .293
[quad=7] 18.393 71.339 .258 .797 -123.853 160.639 .057
[quad=8] 8.750 108.972 .080 .936 -208.535 226.035 .051
[quad=9] -8.750 108.972 -.080 .936 -226.035 208.535 .051
[quad=10] 286.250 146.202 1.958 .054 -5.268 577.768 .489
[quad=11] 2.917 93.318 .031 .975 -183.155 188.988 .050
[quad=12] 8.750 108.972 .080 .936 -208.535 226.035 .051
[quad=13] 154.327 61.940 2.492 .015 30.823 277.831 .691
[quad=14] 122.917 62.915 1.954 .055 -2.533 248.366 .487
[quad=15] 156.250 108.972 1.434 .156 -61.035 373.535 .293
[quad=16] 60.536 71.339 .849 .399 -81.710 202.782 .133
[quad=17] 26.250 146.202 .180 .858 -265.268 317.768 .054
[quad=18] 0(b) . . . . . .
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Full Table 8. Dependent variable: alternate resource value two. 
Parameter B Std. Error t Sig. 95% Confidence Interval 
Observed 
Power(a) 
          Lower Bound Upper Bound   
Intercept 13.750 49.501 .278 .782 -84.952 112.452 .059
[quad=1] 95.536 72.462 1.318 .192 -48.949 240.020 .255
[quad=2] 26.250 148.502 .177 .860 -269.855 322.355 .053
[quad=3] 167.679 72.462 2.314 .024 23.194 312.163 .627
[quad=4] 64.250 79.818 .805 .424 -94.902 223.402 .125
[quad=5] 115.536 72.462 1.594 .115 -28.949 260.020 .350
[quad=6] 156.250 110.687 1.412 .162 -64.454 376.954 .286
[quad=7] 53.393 72.462 .737 .464 -91.092 197.877 .112
[quad=8] 131.250 110.687 1.186 .240 -89.454 351.954 .216
[quad=9] -8.750 110.687 -.079 .937 -229.454 211.954 .051
[quad=10] 286.250 148.502 1.928 .058 -9.855 582.355 .477
[quad=11] 2.917 94.787 .031 .976 -186.083 191.916 .050
[quad=12] 8.750 110.687 .079 .937 -211.954 229.454 .051
[quad=13] 173.173 62.914 2.753 .008 47.725 298.621 .775
[quad=14] 122.917 63.905 1.923 .058 -4.507 250.340 .475
[quad=15] 156.250 110.687 1.412 .162 -64.454 376.954 .286
[quad=16] 130.536 72.462 1.801 .076 -13.949 275.020 .428
[quad=17] 26.250 148.502 .177 .860 -269.855 322.355 .053
[quad=18] 0(b) . . . . . .
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Full Table 9. Dependent variable: wetlands. 
Parameter B Std. Error t Sig. 95% Confidence Interval 
Observed 
Power(a) 
          Lower Bound Upper Bound   
Intercept .000 .149 .000 1.000 -.296 .296 .050
[quad=1] .286 .218 1.313 .193 -.148 .720 .254
[quad=2] .000 .446 .000 1.000 -.889 .889 .050
[quad=3] .429 .218 1.969 .053 -.005 .863 .493
[quad=4] .200 .240 .834 .407 -.278 .678 .130
[quad=5] .286 .218 1.313 .193 -.148 .720 .254
[quad=6] .500 .332 1.504 .137 -.163 1.163 .317
[quad=7] .000 .218 .000 1.000 -.434 .434 .050
[quad=8] .000 .332 .000 1.000 -.663 .663 .050
[quad=9] .000 .332 .000 1.000 -.663 .663 .050
[quad=10] 1.000 .446 2.242 .028 .111 1.889 .599
[quad=11] .000 .285 .000 1.000 -.568 .568 .050
[quad=12] .000 .332 .000 1.000 -.663 .663 .050
[quad=13] .385 .189 2.035 .046 .008 .761 .519
[quad=14] .250 .192 1.302 .197 -.133 .633 .250
[quad=15] .500 .332 1.504 .137 -.163 1.163 .317
[quad=16] .143 .218 .656 .514 -.291 .577 .099
[quad=17] .000 .446 .000 1.000 -.889 .889 .050
[quad=18] 0(b) . . . . . .
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